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(57) Abstract 

A laser marking 
system comprises a 
high power fiber laser 
consisting of a double 
clad fiber having a doped 
core surrounded by an 
inner pump cladding and 
providing an optical output 
for marking; a high power 
laser diode source for 
pumping the double clad 
fiber laser via an input into 
the inner pump cladding; 
an optical scanner coupled 
to receive the marking 
output from the double 
clad fiber laser to scan the 
output over a surface of 
an article to be marked 
by sweeping the marking 
output in one, two or three 
dimensions to form strokes, 
the completion of which 
comprises indicia to be 

marked the article surface; and a controller to control the operation of the scanner in synchronism with the modulation of the laser 
diode pump source to initiate the marking output and sweep and modulate the marking optical output in one, two or three dimensions 
to form strokes comprising the indicia. A main advantage of the fiber laser marking system over CO2 and YAG laser marking systems 
is the ability to provide modulation via the semi-conductor laser diode at the input to the marking laser rather than having to modulate 
the optical power beam at the output of the marking laser, such as through an acousto-optic modulator, which provides for a pulse of 
non-uniform stability across the pulse width with a substantially decrease in the amount of power in the modulated beam output. Also 
disclosed is circuitry to dampen the ON-time rise of a current signal input for operation of the laser diode pump source to improve the 
ON-time quality of the marking optical output created by the double clad fiber marking laser. 
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LASER MARKING SYSTEM AND METHOD OF ENERGY CONTROL 

REFERENCE TO RELATED APPLICATION 

This application is a continuation of provisional patent application, Serial No. 
60/047,750, filed May 27, 1997, which is incorporated herein by its reference. 

FIELD OF THE INVENTION 

This invention relates generally to a laser marking system and more particu- 
larly to fiber laser marking systems operated cw or pulsed for marking surfaces 
of objects with information or data, hereinafter referred to as "indicia" which in- 
cludes, for example, alphanumeric information, letters, words, personal or com- 
pany logos, tradenames, trademarks, data or batch codes, numbers, symbols, pat- 
terns, article coding or identification, personalized signatures, and the like. 

BACKGROUND OF THE INVENTION 

Laser marking systems have been in existence as early as 1971 for marking 
indicia on surfaces of articles. A major use of laser marking of articles for mark- 
ing an article or product or a product package, particularly with respect to high 
volume manufacturing lines, so as to take advantage of marking these goods "on 
the fly" and provide data about the product, such as, date of manufacture, shelf 
life, factory origin, model and/or serial number, product tracking and the like. 
The use of lasers to provide marking indicia is preferred since it does not gener- 
ally affect the integrity of the article or product or its packaging while not being 
easily removable. 

An example of traditional laser marking systems are cw or pulsed C0 2 lasers 
and yttrium aluminum garnet (YAG), e.g., Nd:YAG lasers where the marking 
is accomplished by the heat of the applied laser beam. Wavelengths of the pulses 
is within the visible or infrared spectrum. A pattern or indicia to be marked is 
formed by mask through the laser beam passes or by a focused laser beam which 
is moved or scanned to produce the desired indicia or pattern. Such lasers are 
also employed for engraving, soldering and welding wherein, the case of mark- 
ing, the surface layer of the material is melted, ablated or vaporized to produce 
discernible indicia or pattern. Also, this type of article marking may be accom- 
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plished by use of a chemical reaction at the article surface to be marked where 
certain coating agents on the surface of the article, which may transparent, un- 
dergo a visible contrast change under the influence of a laser beam or laser 
pulses. 

5 C0 2 lasers have been principally employed for marking plastic surfaces, such 

as IC packages. The laser beam from the laser is directed through a copper sten- 
cil to form the indicia on the plastic surface. However, due to the shrinkage of IC 
packages over the years, C0 2 lasers, in many cases, are no longer suitable since 
high quality indicia with good visibility is no longer satisfactory for this particular 

10 application. However, low cost, lower marking quality OC 2 systems employing 
low cost X-Y galvanometer devices are still employed for applications not requir- 
ing high quality marking. 

YAG lasers are extensively employed today for IC package marking as well as 
many other marking applications. YAG lasers have shorter wavelengths of op- 

15 eration permitting the marking of indicia on harder surfaces, such as ceramic. 
The beam in the YAG marking systems is steered or scanned in one, two or three 
dimensions by means of a pair of displaceable mirrors mounted for rotation to 
displace a laser beam in orthogonal directions to form a two-dimensional scan of 
the beam on the surface to be marked, such as, for example, a X-Y galvanometer 

20 device or a X-X galvanometer device operated under computer control. Examples 
of two-dimensional scanners are disclosed in U.S. patents 5,225,923; 5,329,090; 
5,719,372; and 5,724,412. Indicia is scribed onto the surface of an article to be 
marked with fine resolution and marking clarity on comparatively smaller sur- 
faces, such as in the case smaller IC packages. A specific example of a YAG la- 

25 ser system for this type of marking is the scanning Nd:YAG laser called the La- 
ser Marker SL475E, manufactured by NEC Corporation of Japan. The marking 
parameters of this system are as follows: (1) Laser Oscillator: SL114K, (2) Laser 
Type: cw Nd.YAG laser, (3) Output: 50 W or above, (4) Number of Marked Charac- 
ters: 40, (5) Marking Method: One stroke or vector, (6) Power at Marked Surface: 1 

30 W, (7) Scanning Speed: 100 mm/sec, (8) Bite Size: 30 ^im; and (9) Q-Switch Fre- 
quency: 3 kHz. 
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The disadvantage of these C0 2 and YAG laser marking systems is the need in 
most instances for separate, expensive refrigerated chillers or water cooling units 
and corresponding cooler controller and power supply to maintain cooling of the 
cw operated laser diode arrays for pumping the YAG rod or cw operated C0 2 
marking lasers. The chillers are required in C0 2 marking lasers due to the low 
efficiency in converting lamp pump light into a cw laser output. 

Further, the modulation of these marking lasers is generally accomplished by 
means of modulating their optical output beams, such as with an acusto-optic 
modulator, to produce appropriate pulses for forming marking strokes or vectors 
that, together, form intelligent indicia on the article surface. As a result, as 
much as 20% to 30% of the power in the modulated output is lost due to this type of 
external modulation. The cw operation of these lasers is a waste of energy, re- 
quires continual maintenance of the lasers, and reduces their overall lifetime 
utility. In the pulse mode, there is a large pulse-to-pulse variation in YAG mark- 
ing lasers as they lack uniformity in the energy applied to the marking surface. 
Moreover, the external modulator, beside its high loss, does not last long in the 
field and needs to be replaced, and is an added cost, along with its RF driver, to 
the marking laser system. Further, the YAG laser systems used for marking re- 
quire first pulse suppression, i.e., when the laser is turned off the light has to be 
"bled off. Also, these systems with their associated cooling units and large power 
supplies and large laser head takes up a consider amount of floor space in a 
manufacturing facility. 

What is needed is a less expensive marking laser system that provides mark- 
ing power on demand, i.e., is not continually required to be continuously pumped, 
for accomplishing the marking process and taking up minimal floor space. 

It is a principal object of this invention to provide a fiber laser system that pro- 
vides indicia marking power-on-demand. 

It is an object of this invention to provide a laser-pumped fiber laser marking 
system that is more compact and smaller in size than previous laser systems for 
marking surfaces to produce visible indicia on the surface. 
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It is another object of this invention to provide a laser marking system requir- 
ing no first pulse suppression. 

It is another object of this invention to provide a first high power laser mark- 
ing system employing a double clad fiber as the marking laser wherein its optical 
5 power output is modulated to form the marking indicia by modulation or switch- 
ing ON and OFF of its pump laser, e.g., a semiconductor laser diode source. 

It is a further object of this invention to provide a laser marking system that 
achieves high powers for surface marking accomplished with shallow surface 
depth significantly less than about 27 |im. 

10 SUMMARY OF THE INVENTION 

According to this invention, a laser marking system comprises a high power 
fiber laser consisting of a double clad fiber having a doped core surrounded by an 
inner pump cladding and providing an optical output for marking; a high power 
laser diode source for pumping the double clad fiber laser via an input into the 

15 inner pump cladding; an optical scanner coupled to receive the marking output 
from the double clad fiber laser to scan the output over a surface of an article to be 
marked by sweeping the marking output in one, two or three dimensions to form 
strokes or vectors, the completion of which comprises indicia to be marked the ar- 
ticle surface; and a controller to control the operation of the scanner in synchro- 

20 nism with the modulation of the laser diode pump source to initiate the marking 
output and sweep and modulate the marking optical output in one, two or three 
dimensions to form strokes comprising the indicia. The system is capable of use- 
ful modulation rates from about 20kHz for high contrast marking on a variety of 
different materials with peak pulse outputs, for example, of around 1 kW to about 

25 5 kW, and up to cw operation especially adapted for marking thin, surface-mount 
packages. A main advantage of the fiber laser marking system over diode 
pumped and flash lamp pumped YAG laser marking systems is the ability to 
provide modulation via the semiconductor laser diode at the input to the marking 
laser rather than having to modulate the optical power beam at the output of the 

30 marking laser, such as through an acusto-optic modulator, which does not pro- 
vide for a uniform pulse in terms of optical power across the pulse width and sub- 
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stantially decreases the amount of power in the modulated beam output. Also 
disclosed is circuitry to dampen or decrease the ON-time rise of a current signal 
input for operation of the laser diode pump source to improve the ON-time quality 
of the marking optical output created by the double clad fiber marking laser. 

it is believed at this writing that the fiber marking laser system disclosed 
herein is the only continuous single mode fiber marking laser system commer- 
cially available 

In the laser marking system of this invention, the optical power provided for 
marking is power-on-demand, i.e., the diode pump lasers for the fiber marking 
laser are turn on and off as power is needed for forming marking strokes and vec- 
tors by means of sweeping the marking output during its ON-time period. Since 
the laser diode pump is not operating cw, the lifetime of the pump source is ex- 
tended comparatively over the same period of time of usage. 

Another advantage of the fiber laser marking system of this invention is that 
the modulated laser diode source can be modulated in a random ON-time period 
fashion with pulses produced from the fiber marking laser of any length, of any 
selected height at any time, i.e., when necessary on demand. In Q-switched YAG 
lasers, the pulsed output is limited by the Q-switch in that it can operate only with 
period pulse of approximately of the same pulse width. 

A further advantage of the fiber laser of this invention over diode pumped 
YAG marking systems is that the laser diode pumping of the fiber laser occurs 
along the length of the fiber such as, for example, anywhere between about 20 me- 
ters to about 50 meters long, which is a length greater than one hundred times 
that of a YAG rod, which, may be, for example, 1 cm. to 3 cm. long. As a result, 
the heat generated in a laser diode pumped YAG is much greater and can readily 
cause thermal lensing in the YAG rod resulting in distortion of the YAG single 
mode operation either by laterally shifting the mode in the YAG rod or by operat- 
ing in other modes other than the fundamental mode. This shifting and multiple 
mode operation is caused by changes in refractive index of the YAG rod due to 
nonuniformity of heat developed along the length of the rod due to differences in 
the optical power along the rod length. This phenomena can result in pulse-to- 



SUBSTITUTE SHEET (RULE 26) 



WO 98/53949 ' -> PCTAJS98/10761 

6 

pulse variations in pulse power and in mode quality if the pulse width length or 
the pulse height is varied from pulse to pulse in operation of the YAG marking 
laser. In the use of a single mode fiber marking laser of this invention, no mode 
distortion occurs since the mode core waveguide of the fiber, which is in the 
5 range, for example, of 3 \im to 6 jam in diameter, continually maintains single 
mode operation. 

Another feature of the fiber marking laser system of this invention is its reli- 
ability to maintain the intensity level of optical marking output by means of its 
feedback for controlling the current level in operation of the laser diode pump 
10 source. Thus, if there is a detection in the intensity of the marking output, the 
feedback control provides for increase of the current to the driver circuit for the 
pump laser source to increase the marking output of the fiber marking laser to its 
original intensity level. 

A further feature of the fiber marking laser system of this invention is a con- 
15 tinuous single mode marking output that is flexible in that the output is directly 
coupled to the optical input of a scanner without need of initial alignment or sub- 
sequent realignment in the field as is true in the case of YAG laser marking sys- 
tems wherein periodic realignment of the YAG marking laser optical cavity and 
output relative to scanner input is necessary. 

20 The efficiency and effectiveness of the fiber laser marking system over YAG 

marking systems is substantial in that (1) the number of laser diode pump lasers 
is significantly less in number enhancing system reliability, (2) the optical con- 
version efficiency is significantly higher, (3) the power of operation is much 
lower, such in the range of only 2 volts to 5 volts DC, (4) no consummables are re- 

25 quired for replacement such as laser diode pump sources or flash lamps which 
burn out comparatively faster in YAG systems due to their cw operation, and (5) 
improved reliability of the particular laser diodes used as pump sources due to 
their higher wavelength of operation, e.g., 915 nm for the pump sources used in 
the systems of this invention versus 810 nm employed in YAG pump systems. 
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Other objects and attainments together with a fuller understanding of the in- 
vention will become apparent and appreciated by referring to the following de- 
scription and claims taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram of the laser marking system comprising 
this invention. 

Fig. 2 is a specific embodiment of the invention shown in Fig. 1. 

Fig. 3 is a cross-section of a double clad fiber which is preferred in the applica- 
tion of the invention to a laser marking system. 

Fig. 4 is a diagrammatic view of a circuit for compensation of the ON-time of 
the current signal to the pump laser source of the laser marking system compris- 
ing this invention and its steady state control thereafter until signal extinction. 

Figs. 5A-5D are a series of ON-time rises for both the current driver signal, 
I(s) and the optical output signal, P 0 (s), for the circuit shown in Fig. 4. Fig. 5A is 
a case where the optical output signal, P 0 (s), is 8 W and the circuit of Fig. 4 is not 
employed. Fig. 5B is the case where the optical output signal, P 0 (s), is 8 W and the 
circuit of Fig. 4 is employed. Fig. 5C is the case where the optical output signal, 
P 0 (s), is 4 W and the circuit of Fig. 4 is employed. Fig. 5D is the case where the op- 
tical output signal, P 0 (s), is 2 W and the circuit of Fig. 4 is employed. 

Fig. 6 is an actual graphic showing of a mark profile formed in an article sur- 
face using the fiber marking laser system of the present invention. 

Fig. 7 is an actual graphic showing of a mark profile formed in an article sur- 
face using a Nd:YAG marking laser system known in the art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE 

INVENTION 

Reference is now made to Fig. 1 showing laser marking system 10 employing a 
fiber laser 16 in combination with a pump source 12. Pump source 12 may be 
comprised of a single high power laser diode, a single laser diode bar, a plurality 
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of laser diode arrays with their optical outputs combined, or a fiber laser source, 
for providing an output comprising a pump beam or light pulses 14 for input into 
fiber laser 16. Fiber laser 16 is a double clad fiber having a single mode core sur- 
rounded symmetrically by a multimode inner pump cladding surrounded by an 
outer cladding, such as shown in U.S. patent 3,808,549, or a double clad fiber of 
the type shown in U.S. patent 4,815,079 and having a rectangular inner pump 
cladding, both of which are incorporated herein by their reference. Also, the dou- 
ble clad fiber may be of the types disclosed in U.S. application, Serial No. 
09/050,386, filed March 30, 1998, and assigned to the assignee herein, having a 
polygon shaped inner pump cladding, such as, for example, D-shaped or octago- 
nal-shaped, or of the type shown in published European patent application No. 
0776074, published May 28, 1997, having a star-shaped or irregular surfaced inner 
pump cladding. Both this U.S. and European applications are incorporated 
herein by their reference. 

15 The output beam or pulses 18 from fiber laser 16 is coupled as an input into 

beam focusing and steering device 20. Device 20 focuses the marking beam 18 to a 
focal point at an image plane, which is at the surface of the object to be marked, 
while scanning the beam in two dimensions at the image plane. Such a device ^) 
is well known in the art, examples of which are disclosed in U.S. patents 

20 5,225,923; 5,719,372; and 5,734,412, which patents are incorporated herein by their 
reference. A computer 24, including its main controller (such as shown in U.S. 
patent 5,719,372, for example, except for control of pump laser rather than a Q- 
switch) is connected via lines 26 to pump source 12 to control the ON/OFF opera- 
tion of source 12 as well as the amplitude, frequency or pulse rate and ON-time of 

25 the supplied current signal to source 12, which will be described more detail later. 
Computer 24 is also connected by lines 28 to beam focusing and steering device ^) 
for controlling the two dimensional operation of the pair of X and Y galvanometer 
mirrors in the device to provide vector or strokes through the sweep of scanned 
beam 22, a series of such strokes producing intelligent marking, such as indicia, 

30 on the surface of the article to be marked. It should be noted that device 20 may 
also be a one-dimensional (X-X) or three dimensional (X-Y-Z) scanning device. 
The beam 22 from device 20 is deflected in two dimensions at an image plane on 
the article surface by the pair of galvanometer mirrors in a manner known in the 
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art and explained in the three previously incorporated U.S. patents, such as illus- 
trated in Fig. 1 of U.S. patent 5,734,412. Computer 24 may be a conventional PC 
and include a marking circuit and timing board and operating software that pro- 
vides coordinate information, via the marking circuit, on lines 28, to adjust and 
scan the galvanometer mirrors to provide stroke paths for forming the indicia, 
such as characters or symbols, to be formed on the article surface. As an exam- 
ple, the letter "A" would comprise three strokes, the two angular side strokes of 
the letter and its cross bar stroke. The computer program provides coordinate in- 
formation for each of these strokes so that, as the controller operates to provide 
current signals to pump source 12 to turn ON and OFF pump beam or pluses 14, 
device 20 will correspondingly sweep the laser marking beam 22, via the galva- 
nometer mirrors, to form the three stroke comprising the letter "A". Between 
formation of each of the strokes forming the letter "A", the scanned laser beam or 
output 22 may be terminated or extinguished through termination of operation of 
pump source 20, during which time the galvanometer mirrors are positioned or 
repositioned to the coordinate point for the beginning of the next stroke for the let- 
ter "A" to be formed. 

An important feature of laser marking system 10 is that it provides a laser 
marker that provided marking power-on-demand whereas prior laser marking 
systems employing YAG lasers require continuous operation with interruption of 
the marking beam by a modulator, for example, for Q-switching, as well as bleed 
circuitry to bleed off residual power in the laser cavity prior to initiation of the 
next stroke or mark. Also, those employing C0 2 marking lasers require continu- 
ous operation with pulse width modulation. Also, these gas and solid-state laser 
devices generally require some kind of cooling such as refrigerated chillers, as 
necessary and additional equipment as well as their power supply, to maintain 
the C0 2 lasers or the YAG diode pump lasers cooled for cw operation. System 10 
eliminates the need for such additional equipment and it control through a high 
power fiber marking laser, producing 9 W to 20 W or more of power for marking 
an article surface, is accomplished by merely modulating the pump source 12 
supplying power to fiber marking laser 16. Pump source 12 can be modulated for 
power-on-demand to form strokes or vectors comprising indicia for marking or 
can be operated cw. The use of a modulator, such as an acusto-optic modulator 
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in a Q-switched YAG laser system for providing a pulsed output, external of and 
within the axis of the output for marking, is not necessary or required. Such 
modulators are undesirable from the standpoint of stability of the produced output 
pulses and the reliability of the RF driver for the Q-switch, requiring frequent 
5 field service and added cost to the marking system They also may reduce the 
power of the output marking beam or pulses as much as 20% to 30%. 

In operation, computer 24 provides a pattern of control pulses to pumping 
source 12 while directing beam steering device 20 to move in two dimensions the 
marking beam energy across the article surface to be marked. The square or rec- 

10 tilinear pulses provided to pump source 12 provide an output 14 that causes mark- 
ing laser 16 to reach threshold and produce a series of light pulse fairly propor- 
tional to the amplitude of the electrical pulses and corresponding light pump 
source pulses, but delayed by several hundred microseconds due to the time re- 
sponse of the fiber laser. The pulse width and pulse frequency or rate produced by 

15 the pump source 12 may be varied to modify the duty cycle of the marking laser 16 
and the amount of marking energy applied in scanned beam 22 to the article sur- 
face for marking. The amplitude level of the pulses to pump source 12 may be set 
to provide an output light pulse from marking laser 16 that is one percent up to 
100% of the duty cycle without applying too excessive power level that may burn or 

20 otherwise cause different contrast levels in forming indicia strokes or vectors. 

Also, another advantage of the fiber laser marking system 10 is that there is no 
requirement to discharge any residual energy prior to commencement of the 
marking process and the rendering if the first stroke or vector. The initial pump 
pulse or an initially higher intensity beam 14 in system 10 may be provided with 

25 additional energy or amplitude to provide to bring about a quicker rise in popula- 
tion inversion in fiber laser 16 so that no gaps or missing stroke portions occur 
-..upon marking of the initial indicia stroke. Alternatively, a dummy mark may be 
provided at the initiation of the marking process to compensate for the failure of a 
portion of the first stroke to be printed should the marking beam sweep commence 

30 just prior to the commencement of the output of marking beam. This failure of 
marking the full extent of the first stroke may be due to principally to a variance 
in or longer delay between the application of ON-time of the pump laser 12 and the 
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output from the marking laser 16, which delay is different, and longer, if the 
marking system 10 has been idle for a period of time, such as a second or more, 
compared to continuous operation cw or at a pulse rate with pulse spacings of a 
few 100 |isec. In the latter case, there is some residual population inversion in 
fiber marking laser so that the energy level to achieve marking output 18 is sooner 
than in the case where all the energy in the fiber has dissipated with the system 
being idle for some period of time. Thus, the controller of system 10 may provide a 
dummy pulse after a predetermined period of time that the system has been idle 
to form the first marking stroke of indicia comprising the combination of the 
dummy mark pulse together with the completion of the pulse for the first indicia 
stroke. 

Reference is now made to Fig. 2 which illustrates a more detailed embodiment 
of this invention. Laser marking system 30 comprises semiconductor laser 
source 32 which may be comprised of a laser diode array, such as SDL Model No. 
6460-P6, manufactured by SDL, Inc. of San Jose, CA, providing a light output of 
about 17 watts. For higher light output, several semiconductor laser bars having 
multiple light emitters may be combined, such as employing a turning mirror, to 
produce a single output comprising as much as 28 W or more of pump output 
power, such as illustrated in U.S. patents 5,168,401 and 5,268,978, both of which 
are incorporated herein by their reference. These types of devices may require 
some cooling to maintain a constant environmental temperature, such as em- 
ploying a thermal electric cooler as is known in the art. These coolers are ex- 
tremely small when compared to chillers used with gas or solid-stated marking 
sources, and are provided as part of the laser source package. 

The optical output beam 37 from laser source 32 is collimated and then focused 
by the respective spherical type lenses of lens set 34 for directing beam 37 into the 
input end of double clad fiber 36, in particular into the inner pump cladding 36B of 
the fiber. Double clad fiber 36 includes a core 36A, doped with a rare earth mate- 
rial as is well. known in the art, such as Yb. Core 36A may be comprised of a 
glass and have a diameter of about 3 or (im whereas inner pump cladding 36B 
may have a diameter of about 100 jam or 200 jam, for example. Inner pump clad- 
ding 36B is of a material, such as glass, that is of a higher index than core 36A. 
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Inner cladding 36C is surrounded by an outer cladding 36C that has a higher re- 
fractive index than inner cladding 36B to contain the pump light 37 within clad- 
ding 36B. As is well known in the art, pump light is reflected back and forth at 
the interface between claddings 36B and 36C as the pump light propagates down 
5 the full length of the fiber so that, as the reflecting light criss-crosses the rare 
earth core 36A, it is absorbed in the core. An example of the cross-section of fiber 
36 is illustrated in Fig. 3 and is disclosed in U.S. patent application, Serial No. 
09/050,386, supra. 

In order to form a lasing cavity, a mirror 36M is provided at the input end of fi- 
10 ber 36 which is coated to be transparent to pump light 37 but is highly reflective at 
the lasing wavelength of fiber 36. The output end 36F of fiber 36 is highly polished 
so as to form a partially internal reflecting surface, for example, having a reflec- 
tivity of about 4%, at the lasing wavelength. Thus, polished facet 36F and mirror 
36M form the lasing cavity for double clad fiber marking laser 36. The output 
15 beam from marking laser 36 is collimated by lens 41 for passage as shown at 44 
into an input aperture in two dimensional scanner 40. Collet 39 is fit onto the out- 
put end of marking laser 36 to which is secured lens frame 38 for supporting lens 
41. A small portion of the output beam 44 is split off via beam splitter 46 to provide 
optical feedback to a closed-loop control for controlling the power to diode laser 
20 pump source 32 to maintain the output 44 at a predetermined intensity level, 
whether pump source 32 is operated cw or pulsed. More will be said about this 
control later. 

It should be noted that, for purposes of clarity, lens frame 38 and beam splitter 
are shown in Fig. 2 in diagrammatic form. However, in fact, these components, 

25 as secured to the end of fiber 36, are all housed in a single tubular housing and 
form an end housing at the end of a portion of the flexible length of fiber compris- 
ing fiber marking laser 36. Thus, the forward end of this tubular housing is eas- 
ily mounted on an input aperture 40A of scanner 40 and, as such, continually 
remains in proper optical alignment with the scanner input. No later field ad- 

30 justments are necessary to this attachment as is true in the case of YAG marking 
laser systems where it is necessary to realign the pulsed output with proper opti- 
cal axial alignment to the scanning mirrors of scanner 40. 
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As a specific example of the operating wavelengths of system 30, semiconduc- 
tor laser source 32 operates with an emission wavelength within the range of 
about 900 nm to 930 nm, for example, 915 nm, which is within the absorption band 
of Yb. Fiber marking laser 36 will operate at a wavelength such as 1100 nm to 
1110 nm. The length of fiber for laser 36 is made sufficiently long to provide good 
depletion of the pump light along the length of the fiber. With the employment of 
a pump laser, such as SDL Model No. 6460-P6, comprising a laser diode bar with 
multiple light emitters with a 17 W output, power levels of 9 W can be achieved 
from high power double clad fiber laser 36. If a plurality of stacked laser bars are 
employed, their combined output as a source 32 would be about 15 W. In an al- 
ready reported configuration, a 13.5 W laser diode pump source 32 operating at a 
wavelength of 807 nm, produced 5 W of CW single transverse mode output power 
at 1064 nm from a 45 to 50 meter long double clad, Yb doped fiber. The slope effi- 
ciency was 51%, although the overall optical conversion efficiency was only 40% 
due to losses at the optical interface between source 32 and fiber 36. These conver- 
sion efficiencies have, however, been improved to 60%. The beam in system 30 
can be focused to a spot size as small as 1 |im, but diameters of about 15 jam or 
more are adequate for most marking applications, with corresponding brightness 
of 109 W/cm2 sterdain due to the diffraction limited quality of output beam 44 from 
output facet 36F of double clad fiber marking laser 36. 

It should be noted that, instead of using the lens set 34, the output from a diode 
laser bar may be fiber coupled to double clad fiber 36 where the coupling fibers 
from the individual emitters may be brought together to form a bundle which 
matches the input aperture or NA of the inner cladding 36B of double clad fiber 
36, such as in a manner similar to that illustrated in U.S. patent 5,268,978, which 
is incorporated herein by its reference. Also, the source fibers may also be fused 
together at their output ends and the molten end pulled in its molten state and cut 
at a point to match the NA of the input end of the inner cladding 36B of double clad 
fiber 36. 

Also, it should be noted that if the high power operation of marking laser 36 
causes SRS or high Raman gain, robbing the laser of its peak output at 1110 n m 
into other output wavelengths, fiber grating filters may be employed in the laser 
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cavity to filter out the SRS or fiber 36 may be bent about a core at an appropriate 
bend angle to permit the ejection of Raman wavelengths. Also, co-doping of core 
36A, such as Er:Yb, may also provide relief from Raman scattering. 

The employment of a double clad fiber as the laser marking source 36, versus a 
5 single mode fiber, as several advantages. First, a single mode pump source at 32 
is not required because the numerical aperture (NA) of the inner pump cladding 
36B is quite large in view of its diameter so that multimodes propagate along the 
pump cavity. Tight control over the pump source wavelength is not required and 
is unnecessary because of the large spectral absorption bandwidth of the rare 
10 earth doped fiber 36, e.g., the absorption spectrum for Yb. 

Second, the double clad fiber is essentially pumped along its entire length due 
to the cladding cavity so that more power can be absorbed into the fiber core over a 
fiber sufficient to absorb almost of the pump light, rendering a much higher 
power gain medium compared to that possible with a single mode fiber. Also, in 

15 a YAG system, the pumping length along the YAG rod is materially less so that 
there is a much larger thermal load that causes changes or shifts in the refrac- 
tive index of the YAG rod leading to mode distortion and pulse outputs character- 
ized by optical non-uniformity in pulse-to-pulse power. Also, the use of double 
clad fiber as a laser marking power source increases the overall optical conver- 

20 sion efficiency* to 60% or more which is higher than conventional single mode 
(TEM 00 ) laser marking systems employing C0 2 and YAG lasers. 

Third, if a fiber of the type taught in U.S. patent application, Serial No. 
09/050,386, supra, as illustrated in Fig. 3, greater amount pump power can be ab- 
sorber in a comparatively shorter length of double clad fiber. This type of polygon 

25 inner pump cladding configuration is a preferred embodiment for the double clad 
fiber in this particular marking application since the cladding configuration 80 in 
Fig. 3 induces the propagating pump light to reflect along the interface at many 
more different angles and criss-cross core 36A more often, greatly enhancing the 
amount of pump light absorption in core 36A with a shorter length of double clad 

30 fiber. However, other polygon configurations will also work as well. The configu- 
ration of Fig. 3 is, however, easier to manufacture than other polygon configura- 
tions suggested in the art for the inner pump cladding. 
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Fourth, the large NA of the inner pump cladding 36B permits a better match of 
the aspect ratio of the pump laser source 32 with the input end of inner pump 
cladding 36B resulting in a more efficient coupling between the pump laser 
source and the fiber. 

Fifth, system 30 pumped by a single laser bar, or other high power laser 
source capable of delivery power outputs of 15 W to 30 W and more, reduces sys- 
tem complexity while improving lifetime utility over C0 2 and YAG laser systems, 
and does not require a bulky power supply, a refrigerated chiller and separate la- 
ser head as used in single mode (TEM 00 ) laser marking sources employing C0 2 or 
YAG lasers. 

Referring again to Fig. 2, two dimensional scanner 40 is a device available in 
the marketplace, and in the embodiment here is the Model No. HPM10A optical 
scan head available from General Scanning, Inc. of Watertown, MA. The laser 
marking output beam 44 is received at an input aperture of scanner 40 and, 
through the use of a pair of fast-recovery galvanometer mirrors, one each for the 
X and Y axes. The focused output beam 42 from scanner 40 can be scanned in two 
dimensions and focused to a spot 66 at the image plane which is the surface 62 of 
an article 60 to be marked. Article 60 may be positioned on a conveyor system 63 
which moves a series of articles 60 which are, one at a time, positioned beneath 
scanned beam 42 for marking indicia 64 as is known in the art. The working field 
of scanner 40 at the image plane may be a square or rectangular that may be var- 
ied in size on a side from about 60 nm to about 180 nm depending on the chosen 
flat-field lens employed at the output of scanner 40, In Fig. 2, focused and 
scanned beam 42 is shown in the process of completing the second stroke 65 of the 
letter "D", having already completed its first stroke 64. 

The power output of laser beam 42 is in the range of 5 W to 20 W or more and is 
capable of vaporizing a thin surface layer off of top surface 62 of article 60. Article 
60, may for example, be an encapsulated integrated circuit chip comprising a 
plastic resin material with a filler, such as carbon or the like. Scanned beam 42 
will vaporize a thin surface layer from the resin package which leaves an exposed 
undersurface that is of a visibly different reflected contrast than surface 62 so that 
the indicia is discernible to the naked eye and provides for a permanent mark that 
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cannot be easily removed and will not smudge. No additional printing medium or 
ink is necessary in the process. More importantly, large, deep removal of mate- 
rial from the package is not necessary or desirable. High power C0 2 or YAG la- 
ser marking systems often remove material from the article surface forming 

5 holes and grooves as deep as 50 ^im to 100 (im in the article surface to form the in- 
dicia marking. In system 30, the holes or grooves forming the strokes of the indi- 
cia 65 are in the range of about 6 (im to 27 |im, the higher end of this range being 
only in cases where the indicia strokes touch or cross one another. The debris 
formed from the larger hole or groove formation with high power C0 2 or YAG la- 

10 ser marking systems is significant, requiring vacuum cleanup at the marking 
site. However, the marking beam in system 30 vaporizes a significant smaller 
amount of material from the surface sufficient to achieve a reflected contrast to 
form visible discernible indicia on the article surface. Thus, such excessive vac- 
uum cleaning is not a major requirement in the fiber laser marking system of 

15 this invention. 

While the foregoing example relates to an integrated circuit chip application, 
laser marking system 30 may be employed for marking other materials, such as 
metals, ceramics, wood, glass, and other plastics and is, therefore, not limited to 
this above described application. 

20 With further reference to Fig. 2, controller 50 for laser marking system 30 

comprises a personal computer 51 that includes conventional circuitry that pro- 
vide digital signal control to scanner 40 via lines 59. Control functions are stan- 
dard and known to those skilled in the art for the scanning system and accessible 
through the computer RS-232 interface using software provided by the scanner 

25 manufacturer called PC-MARK™ or PC-MARK MT™ and JOB EDITOR™ as 
well as machine and user interface software called RJE™, WINLASE™ and 
WINIC™, available from SDL, Inc. of San Jose, CA. 

An important feature of this invention is the closed-loop feedback circuit to 
control the current of lasers source 32, particularly when system 30 is operating 
30 in the pulse mode or is operating with power-on-demand by switching on laser 
pump source 32 to form marking output 44 which is scanned or swept to form the 
strokes for forming the indicia. System 30 provides a stable level of marking en- 
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ergy regardless of the pulse rate or frequency and duty cycle resulting in a con- 
tinuous marking contrast level on the article surface. This is an important factor 
and achievement in a laser marking system that is characterized by a fiber mark- 
ing laser that is modulated through its optical pumping source by modulating the 
pumping source rather than the output beam of the marking laser such as with 
an acusto-optic modulator. In Fig. 2, the intensity of marking output 44 is con- 
trolled for this purpose via light and signal feedback to control the current sup- 
plied to operate laser source 32. Controller 50 includes control circuitry 52 for re- 
ceiving a feedback signal on line 58 from photodetector 48. Photodetector 48 re- 
ceives a small portion of marking output 44 via beam splitter 46 which is propor- 
tional to the output intensity of the full output. Photodetector 48 provides an elec- 
trical signal via line 58 to control circuitry 52 which provides a drive current sig- 
nal to laser source 32 proportional to the intensity of output 44. As well be ex- 
plained in greater detail later, the level of the drive signal is determined by com- 
paring the feedback signal from photodetector 48 with a reference. 

While this type of control works well when there is an output present at 44 
from marking laser 36, this is not always the case unless system 30 is operated 
CW. But one of the advantages of system 30 is to operate it in a pulse mode so that 
marking power is only provided on demand, i.e., when an indicia stroke is to be 
formed. However, in the cases where power-on-demand is employed, that is, in 
one of the two situations where either the laser pump source is operated in pulse 
mode to form "a stroke or vector as a series of marks or the laser is turn ON and 
OFF, respectively, at the beginning and at the end of each indicia stroke or vector. 
In either of these situations, there is no output 44 present at the beginning of each 
pulse or energy signal provided to the drive circuit for setting the laser pump 
source 32 into operation. Therefore, there can be no optical feedback for monitor- 
ing and controlling output 44 via control circuitry 52 at, this point in time. Thus, 
in order to form an enhanced, quicker ON-time of the output 44, which will also 
provide less delay between operation of laser pump source 32 and marking laser 
36 as well as having an ON-time which is of a steeper ramp-up to full intensity, 
the pulse control circuitry 90 shown in Fig. 4 is y utilized. One purpose of circuit 90 
is to provide as much as possible an instantaneous turn-on time for fiber marking 
laser as soon as an turn-on signal is sent to the laser pump source 32, i.e., pro- 



SUBSTITUTE SHEET (RULE 26) 



WO 98/53949 



18 



PCT/US98/10761 



duce a more square pulse ON-time in creating marking output 44. Another im- 
portant purpose of circuit 90 is to dampen the overshoot present in the beginning 
of the rise-time of each turn-on time in the output 44 of fiber marking laser 36. 
As used throughout this specification, "ON-time", means the rise characteristic 
of current to a maximum level as provided to the laser pump source and the rise 
characteristic to the sustained intensity level of the marking output 44 produced 
by the fiber marking laser 36. "ON-time period" means the time that the fiber 
marking laser 36 or the laser pump source is producing an output. 

With reference to Fig. 4, pulse control circuitry 90 shows semiconductor laser 
pump source 92 provided with a current signal, I(s), input from line 104 provided 
by current driver circuit 102. The optical output from source 92 is provided as in- 
put to double clad fiber marking laser 94 which has a delay time or population in- 
version function 93 and provides stimulated lasing operation 95 to produce an op- 
tical power output, P 0 (s), at 96. As previously indicated, a portion of output 96 is 
feedback for control of the intensity of this output, no matter the frequency or duty 
cycle of the light output. Signal conversion from optical to electrical signal and 
amplification is accomplished at circuit 98 and this electrical feedback signal on 
line 99 is provided as an input to comparator 100 for comparison with a reference 
signal, R(s), at 101. This circuitry thus far provides means for monitoring the 
output intensity of marking laser 94 and providing a signal from comparator 100 
to drive circuit 102 for producing an appropriate drive current signal, I(s), to 
maintain the steady-state intensity during the duration of optical output signal, 
P 0 (s). However, as previously indicated due to the delay 93, there is no initial out- 
put at 96 to make an initial determination of the amount of current to start with 
for ON-time of laser pump source 92. As a result, the powering of laser pump 
source 92 will cause an overshoot in the optical output at 96 at the commencement 
of the optical power output ON-time from marking laser 94. Also, in reference to 
the delay between the ON-time of source 92 and the optical power output from 
marking laser 94, it is desirable to make this delay as small as possible as well as 
provide a rise-time of the ON-time for pump source 92 which would translate opti- 
cally to a correspondingly steep rise-time of the commencement of the optical 
power output ON-time from marking laser 94. Further, the rise time of output 44 
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is not square. However, the overdrive circuit 105 of circuit 90 provides a way for 
improving each of these points. 

Overdrive circuit 105 comprises compensation circuit 106 and nonlinear func- 
tion device 108 to provide a small overdrive of the ON-time of current signal, I(s), 
i.e., during the rise time of signal I(s). Circuit 106 is a circuit that responds to the 
fast rise time of signal I(s) within a predetermined period of time, such as in the 
range of about 50 jisec. to about 80 jisec, and produces an output signal to nonlin- 
ear function device 108. Device 108 may be comprised of a pair of oppositely cou- 
pled bipolar diodes having a forward and reverse bias threshold with a threshold 
gap region therebetween where no current is allowed to flow as a signal output 
onto feedback line 99. Thus, overdrive circuit 105 allows, in part, for current 
driver circuit 102 to commence with its ON-time signal, I(s), at the fastest rate be- 
fore optical output 96 has commenced and before the end of the current signal 
rise-time, based on current signal, I(s), via line 104 provides an electrical signal 
to device 108 that is above its threshold that produces a dissipating pulse on feed- 
back line 99 during this period of time to comparator 100. Comparator 100 will be- 
gin to operate due to this dampening signal 109 which will begin to dampen the 
rise rate of the current signal I(s) prior to its reaching its peak value. By the time 
dampening signal 109 has dissipated, the peak optical output at 96 from fiber la- 
ser 94 has been sensed, via circuit 98, and the feedback signal via line 99 from cir- 
cuit 98 takes over the function of feedback to comparator 100. 

Figs. 5A-5D show a series of pulse diagrams wherein curves 110A-110D are 
current signal, I(s), at respective peak values of approximately 20 A, 20 A, 10 A 
and 5 A, and curves 112A-112D are optical output signals, P 0 (s), with correspond- 
ing output powers 8 W, 8 W, 4 W and 2 W. Fig. 5A is the case where there is no 
nonlinear function device 108 and Figs. 5B-5D are cases where there is a nonlin- 
ear function device 108 in overdrive circuit 105 at respective optical output powers 
of 8 W, 4 W and 2 W. It should be noted that a characteristic of the optical output 
signal, P 0 (s), in all cases believed due to nonlinearities and other nonuniformities 
of the double clad fiber is the resonance or ripple 114A-114D at the top of the optical 
signal rise during ON-time, which resonance dampens over a short period of 
time to a steady state peak power condition. The time interval of this resonance 
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may be as small as 100 p.sec. and is generally less than 500 |isec. This resonance 
114A-114D has been found to have no substantial effect on the performance of the 
marking process, particularly since the ripple time period is less than the inertia 
time to move and position the galvanometer mirrors in scanner 40. 

5 To be noted is the difference in the ON-time of signals I(s) and P0(s) in Fig. 5 A 

at 8 W compared to these same signals in Fig. 5B at 8 W. The differences are 
three-fold, as indicated previously. First, the rise-time of the current signal in 
Fig. 5A is longer in time than in Fig. 5B. Second, the delay 115A between the rise 
time of current signal 110A and optical output signal 112A in Fig. 5A is longer 

10 than the delay 115B in Fig. 5B. Third, the rise of the optical output signal 112A at 
116A is at a more angular slope than the rise of optical output signal 112B at 116B. 
The rise 116B of signal 112B is close to a straight vertical time rise. The same is 
true for the cases of Figs. 5C and 5D. Overdrive circuit 105 controls the average of 
large overshoot 113, shown in Fig. 5A, of the initial signal resonance 114A so as to 

15 be approximately within 10% of the signal amplitude or lower by operation of 
comparator 100 to dampen the current driver signal I(s) prior to the circuitry op- 
erating under the influence of feedback from output 96. In this case of Fig. 5A, 
the average overshoot can be a factor of 1% peak and, then, signal 112A settles 
down to a steady-state value of about 8 W. As can bee seen from Figs. 5B-5D, the 

20 initial peak resonance is significantly less than that in Fig. 5A, indicating a de- 
pendence on the magnitude of current signal, I(s). 

Overdrive circuit 105 works in the following manner. If the controller, such as 
controller 50 in Fig. 2, provides an activation signal for commencing the marking 
process, the control circuitry 52 will cause drive circuit 102 to provide a current 

25 signal, I(s), to activate laser pump source 92. Since there is no optical output sig- 
nal, P 0 (s), present, the rise of current signal, I(s), initially occurs rapidly in time 
until a point is reached, via input of the this signal to overdrive circuit 105 of suffi- 
cient magnitude to cause device circuit 108 to reach its threshold and conduct 
providing a signal on feedback line 99 to comparator. This occurs before the be- 

30 ginning of the ON-time of optical output signal 96, as seen, for example, in Fig. 
5B. In Fig. 5B, it can be seen that the current signal rise at 118B is now not as 
- 7 steep. Over the remainder of the rise time of current signal, I(s), overdrive circuit 
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continues to provide a dampened signal via comparator 100 until the ON-time of 
optical output signal 112B is complete and the optical feedback is employed via 
comparator 100 to control the steady-state condition of the signal output. Stated 
another way, comparator 100 commences comparative analysis much earlier in 
the rise time of the current signal, I(s), and prior to any available feedback from 
optical signal output at 96. 

An important attribute of the fiber marking laser of this invention is signifi- 
cantly reduced noise in the optical output from the fiber laser compared to that of 
YAG laser marking systems. The marking output is more uniform along the 
length of the marking stroke or vector compared to that from the YAG laser. The 
pulse-to-pulse noise on Q-switching in a YAG laser system is much nosier. This 
is illustrated in the actual marking profiles shown in Figs. 6 and 7 respectively 
for a stroke formed by marking laser system 30 of this invention and that of a 
Nd:YAG system. The cross sectional profiles of the resultant marking is shown 
in these figures in both cases for the same article comprising a plastic article sur- 
face. As shown in Fig. 6, the mark depth produced by the fiber marking laser is 
significantly more uniform over the width of the mark depth and is much less in 
overall depth than that for the YAG marking laser. Notably, the average mark- 
ing depth width of the fiber laser is less than 8 |im with a peak value only about 
one-half time greater than the average marking depth, whereas the average 
marking depth width of the YAG marking laser is above 10 |xm with peak values 
two to three times greater than the average marking depth appearing at the be- 
ginning and at end of the mark depth profile. As a result, the marking profile of 
the YAG marking laser is not as precise as that obtained with the fiber marking 
laser of this invention, providing for overall improved marking visibility to the ob- 
server over that produced by the YAG marking system because of the improve- 
ment in marking profile uniformity. 

It is noted that in the operation of the laser marking system of this invention, 
when the system has been idle since the last mark command by a second in time 
or more, there is a tendency for the initiation of the first mark command from the 
controller not to provide an optical output 96 sufficient to produce the full length of 
the first stroke to be marked. Thereafter, with continuous sweep of the marking 
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beam by the scanner and modulation of pump laser 92, the marking strokes for 
forming the indicia are substantially all of the properly proscribed length. Cor- 
rection of the short-in-length first stroke in such a case can be compensated for by 
providing a first dummy pulse that is provide by the controller to driver circuit 
5 prior to initiation of the first marking command. This dummy pulse together 
with the completion of the first marking stroke command to provide a current 
pulse to pump laser 92 will provide an optical output at 96 from fiber laser 94 suf- 
ficient to form a full and complete marking length of the initial stroke for an indi- 
cia to printed on the article surface. Also, it is within the scope of this invention to 

10 also provide in these cases where the laser marking system 90 has remained idle 
for a period of time, such as a second or more, to initially provide a precondition- 
ing pulse to laser diode source 92 prior to initiation of the first mark command, 
via current driver circuit 102 under the control of the system controller, for print- 
ing the first stroke of an indicia to be marked. This preconditioning pulse is short 

15 pulse sufficient to cause laser pump source 92 to produce a high intensity light 
pulse of short duration to double clad fiber laser to provide for some initial popula- 
tion inversion in the fiber a few microseconds prior to the initiation of the first 
mark command or in a time period before the residual energy in the fiber due to 
the preconditioning pulse has had an opportunity to dissipate. While the energy 

20 in fiber 94 may provide some light output in the form of ASE or even a low energy 
level light pulse, the energy is not sufficient to produce a mark on the article sur- 
face to be marked. However, the presence of the residual energy in the fiber pro- 
vides a "head start" for the initial marking stroke to be initiated in time to com- 
plete the full length of the initial marking stroke to produced. 

25 Although the invention has been described in conjunction with one or more 

preferred embodiments, it will be apparent to those skilled in the art that other al- 
ternatives, variations and modifications will be apparent in light of the foregoing 
description as being within the spirit and scope of the invention. Thus, the inven- 
tion described herein is intended to embrace all such alternatives, variations and 

30 modifications that may fall within the spirit and scope of the following claims. 
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What is claimed is: 

1. A laser marking system comprising: 

a high power fiber marking laser consisting of a double clad fiber having a 
doped core surrounded by an inner pump cladding and providing an optical out- 
put for marking; 

a high power laser source for pumping said double clad fiber laser, an output 
from said laser source optically coupled as an input to said inner pump cladding; 
and 

an optical scanner coupled to receive said output beam from said fiber mark- 
ing laser to scan said output over a surface of an article to be marked. 

2. The laser marking system of claim 1 further comprising said optical scan- 
ner sweeping said fiber marking laser output in multiple dimensions to form 
strokes, the completion of which comprises discernible indicia formed on the arti- 
cle surface; and 

3. The laser marking system of claim 2 further comprising means to control 
the operation of said scanner in synchronism with the modulation of said laser 
pump source to initiate said marking output and sweep and modulate said mark- 
ing optical output in multiple dimensions to form strokes comprising the dis- 
cernible indicia. 

4. The laser marking system of claim 1 further comprising means to control 
the operation of said scanner in synchronism with the modulation of said laser 
pump source to initiate said marking output and sweep and modulate said mark- 
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ing optical output in multiple dimensions to form strokes comprising the dis- 
cernible indicia. 

5. The laser marking system of claim 1 wherein said double clad fiber has a 
non-circular geometry for its inner pump cladding. 

6. The laser marking system of claim 5 wherein said double clad fiber has an 
inner pump cladding with a cross-sectional configuration that is shaped like a 
polygon. 

7. The laser marking system of claim 6 wherein said polygon like shape is an 
octagon. 

8. The laser marking system of claim 1 wherein said control means includes 
means to dampen the ON-time rise of a current signal input for operation of said 
laser pump source to improve the ON-time quality of said marking optical output. 

9. The laser marking system of claim 1 wherein said laser pump source com- 
prises a semiconductor laser or a fiber laser pumped by a semiconductor laser. 

10. The laser marking system of claim 9 wherein said semiconductor laser is 
at least one laser diode array having a plurality of light emitters; and means to 
combine the optical output of said emitters for input into said double clad fiber. 

11. The laser marking system of claim 1 wherein said fiber marking laser 
provides for flexibility in aligning said output beam in maintained relation with 
an optical input to said scanner requiring no further readjustment. 

12. The laser marking system of claim 1 wherein said fiber marking laser is 
turned off in less than about 0.5 milliseconds upon turn-off of said pumping laser 
source. 
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13. The marking system of claim 12 wherein said pumping laser source com- 
prises a laser diode source or a laser diode pumped fiber laser source. 

14. The marking system of claim 13 wherein said laser diode source com- 
prises at least one laser diode bar. 

15. The marking system of claim 1 wherein said pumping laser source com- 
prises a laser diode source or a laser diode pumped fiber laser source. 

16. The marking system of claim 15 wherein said laser diode source com- 
prises at least one laser diode bar. 

17. The marking system of claim 15 wherein said laser diode pumping source 
is operated in a power-on-demand mode in that said laser diode pumping source 
is turned-on or modulated at anytime that a marking sequenced is to be initiated 
providing a marking output that may be of any selected length and pulse height. 

18. A marking system comprising: 

a fiber laser as a light source system for producing an output marking beam 
having a fast rise time less than 1 millisecond; 

a pump laser source for optically pumping said fiber laser; and 

pump laser circuitry to minimize laser turn-on delay so that an external 
modulator operative to modulate the output marking beam is not required. 

19. A marking system comprising: 

a fiber laser comprising a doped optical fiber having an output end for provid- 
ing a marking output that is flexible and movable so as to be easily alignable to a 
scanner of the marking system. 
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20. The marking system of claim 19 wherein said fiber laser is a single mode 
fiber laser. 

21. The marking system of claim 19 wherein two-dimensional scanning is 
provided such that said fiber laser output is moved for scanning in first direction 
and the scanner provides for scanning in second direction. 

22. The marking system of claim 19 wherein two-dimensional scanning is 
provided such that said scanner comprises movement in two dimensions of the 
fiber laser output end for scanning a surface to be marked. 

23. A fiber laser based marking system comprising: 

an optical fiber having a rare earth doped core and pumped by a laser diode 
source and functioning as a fiber laser; 

means for modulating said laser diode source to modulate its optical output 
and coupling it into said optical fiber; 

the light produced by said laser diode source absorbed along the length of said 
fiber core and providing a laser marking output; 

the marking output of said fiber laser being modulated in response to the 
modulation of said laser diode source to form a plurality of sequenced marking 
strokes that are patterned on a surface of an article to marked to from discernible 
indicia thereon. 

24. The fiber laser based marking system of claim 23 wherein said fiber laser 
is a single mode laser. 
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25. The fiber laser based marking system of claim 24 wherein said fiber laser 
comprises a double clad fiber. 

26. The fiber laser based marking system of claim 23 further comprising: 

means to generate marking strokes in predetermined spatial relation to one 
another to form intelligent indicia on the article surface; and 

means to control the excitation level and timing of operation of said laser diode 
source such that said strokes occur in said predetermined spatial relation at a de- 
termined level of marking output power to produce a desired marking contrast at 
and marking depth in the article surface based upon the material of article sur- 
face being marked. 

27. A laser marking system comprising: 

a high power fiber marking laser comprising a fiber having a doped single 
mode core and providing an optical output for marking; 

a laser diode source providing an optical output coupled for pumping said fiber 
laser; 

a drive circuit for providing an electrical signal for controlling the current 
level provided to said laser diode source and, correspondingly, the optical output 
intensity level provided to said fiber marking laser; 

means for detecting the intensity level from said fiber marking laser; and 

feedback means to comparing the detected intensity level with a desired level 
and adjusting said current level to maintain said optical output intensity level at 
said desired level. 
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28. The laser marking system of claim 27 further comprising an overdrive 
circuit in said feedback means to provide an initial dampening in the application 
of said electrical signal. 

29. The 1 aser marking system of claim 28 wherein said initial dampening 
causes the rise time of said electrical signal be reduced in magnitude as said elec- 
trical signal nears its peak value. 

30. A method of controlling enerigzation in laser marking system marking 
indicia on a surface of an article comprising the steps of: 

providing a laser diode pump source optically coupled to pump a fiber marking 

] 

laser having a single mode, rare earth doped core and providing an an optical 
marking output for marking the article surface; 

modulating the laser diode pump source in accordance with the indicia to 
marked on the article surface with a pump signal representative of a predeter- 
mined intensity level; 

monitoring the marking output to detect the intensity level thereof; 

comparing the marking output intensity level with the predetermined inten- 
sity level; and 

changing the pump signal to a value representative of the predetermined in- 
tensity level based upon the comparison. 
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